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In wireless communications, the radiating system is required to produce radiation patterns which are entirely described 
by nulls along with some constraints like side lobe level. With the latest developments in the wireless communication 
systems, the Linear Array Antenna (LAA) design emerged challenge to the antenna engineers. In this paper, the LAA 
synthesis is performed using novel Social Group Optimization Algorithm (SGOA). The synthesis technique employs non-
uniform amplitude distribution. The array synthesis problem is transformed into an optimization problem with number of 
elements as the dimension of the problem. Obtaining desired nulls in the radiation pattern without and with constraint of 
Side Lobe Level (SLL) is the objective of the work. Results pertaining to single and multiple nulls for both the above cases 
are presented. The novel evolutionary computing named as SGOA efficiently achieved the above objectives with an LAA of 
12 elements. 
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Introduction 
Antenna array
1,2
 play significant role in point-to-
point communications like wireless, mobile and radar 
applications. In wireless systems, it is often required 
to negate the signal is some direction while accepting 
the same in the other desired direction. Several 
evolutionary and meta-heuristic algorithms
3,4,5,6 
are 
used to produce desired radiation pattern in antenna 
arrays. In this work another novel algorithm known as 
Social Group Optimization algorithm (SGOA) 
proposed by Satapathyet.al
7
, is used for the synthesis 
of linear array with beam-width constraint. Further 
the paper is organized in to five Sections. Problem 
formulation is discussed in Section 2 Brief discussion 
on the SGOA and its implementation to the antenna 
array design problem is explained Section 3. 
Simulation results are given in Section 4 and overall 
conclusions are given in Section 5. 
 
Problem formulation 
 
Array factor formulation 
The geometry of a simple linear array considered  
in the simulation based experimentation has the 
elements distributed symmetrically on either sides of 
the reference position which is at the center of the 
array length. Symmetrical distributions functionally 
mean that the current distribution is also symmetric. 
The array factor formulation of the linear array is as 
follows
1 
 
𝐴𝐹 𝜃 = 2 𝐴𝑛𝑐𝑜𝑠 𝑘𝑑𝑛𝑐𝑜𝑠𝜃 + 𝛽𝑛  
𝑁
𝑛=1   … (1)  
 
Here, n refers to element index which can have 
values (1,2…..N) and N is the total number of elements 
in the array. Similarly, k is wave number given as 2Π/λ 
and θ is observation angle. In refers to the amplitude of 
excitation of n
th
 element while dnrefers to the spacing 
between the nth element and the reference point and βn 
refers to the phase of the n
th
 element. 
 
Fitness function formulation 
The formulation of fitness function considers 
desired nulls with SLL constraint. The radiation 
pattern is the distribution of the computed AF values 
for all the azimuthal angle (θ) in the range(-900,900). 
The corresponding fitness evaluation expression is 
given as follows. 
 
𝑓𝑛 = 𝑁𝑑𝑒𝑝𝑡 ℎ −   𝐴𝐹 𝜃= 𝜃𝑛𝑢𝑙𝑙  𝑖    … (2) 
 
𝑓𝑆𝐿𝐿 = 𝑆𝐿𝐿𝑑𝑒𝑠 − 𝑚𝑎𝑥  𝐴𝐹(𝜃) 𝜃𝐹𝑁
90    … (3) 
————— 
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Also fn = 0 iffn< 0 and fSLL=0 if fSLL<0. 
The final fitness is the sum of eq(2) and eq(3). 
Here (θnull)iis the direction of i
n
 null, θFNis First null in
degrees, Ndepthis the Depth of the null which is 80 in 
this work and SLLdes is desired SLL which is 20 here. 
Social group Optimization 
A brief introduction to SGOA is given in this 
Section. The SGOA typically mimics the social 
behavior of the human beings. A human being 
inherently possesses several characteristics which are 
mutually conflicting in oneself. These characteristics 
are expressed according to the situation prevailing 
around him. The situation can be a complex problem 
or a moment of joy. These behavioral traits are 
sometimes not only useful in handling one's own 
problem but also can be extended to influence other 
individual or as a group. Group solving capability can 
be termed as a more effective means of solving the 
problem as it sums up every individuals capability in 
the group. Similarly, the influence can be inherited by 
an individual from individual or a group and vice-
versa. Every individual in the society in other words 
has the capability to solve the problem and hence 
treated as a possible solution. The algorithm typically 
has to phases namely improving phase and acquiring 
phase. During the improving phase, the highly 
knowledgeable person in the group propagates the 
knowledge to all the other individuals in the group. 
Hence every individual solution is updated using the 
following expression. 
Inewij=c*Ioldij+r*(gbest(j)-Ioldij)  … (4) 
Similarly, during the acquiring stage, the 
knowledge update or the solution updating procedure 
takes a decision based step. Every individual interacts 
with randomly selected individuals in the social 
group. This way, knowledge exchange with the 
randomly selected candidate takes place if it assumes 
more knowledge than this individual. However, the 
highly knowledgeable person in the group will have 
more impact and influence in this strategy. In the 
implementation of the SGOA, every individual in the 
population is considered as an antenna array. If the 
number of elements in the array is N and the 
population size is M, then the corresponding 
population matrix is of the dimension NxM. In the 
matrix, each row corresponds to the non uniform 
current excitation coefficient distribution. On every 
iteration, these coefficients are updated till the 
convergence is achieved. 
Results 
The entire simulation based experimentation is 
divided in to three cases. Description of the problem 
statement and the corresponding radiation pattern plots 
are given case-wise in the following discussion. In all 
the three cases, both without constraint and with 
constraint objectives are considered. Whenever without 
constraint is considered, the corresponding objective 
function is due to eq (2) alone. Under constrained 
condition the objective includes using eq (3) also.  
Case-1 
LAA synthesis with single null is presented in this 
case. The desired nulls at one positions ie; at 15
0
. Due 
to the inherent symmetry a similar null appears on the 
other side of the pattern at -15
0
 also. The radiation 
pattern obtained for the amplitude distribution 
determined by the SGOA is presented in the Fig.2. A 
null at 15
0
 with null depth of less than -80dB can be 
observed. The corresponding amplitude distribution is 
as given int he first column of Table 1. now, the SLL 
constraint is imposed in the objective. The obtained 
radiation pattern is also presented in Figure1.  
Case-2 
In this case an additional null at 25
0
 is included in 
the radiation pattern along with the null considered in 
case-1. It is possible to validate the attempt and 
efficiency of the algorithm by establishing a new null 
by keeping the existing one prevalent. Under no 
constraint and with constrained scenarios, the 
corresponding radiation patterns are as shown in the 
Figure 2. The amplitude distribution is as mentioned 
in the Table1.  
Case-3 
In this, similar to case-2, more number of nulls are 
included in the radiation pattern. Bykeeping the 
earlier two nulls in their position in the radiation 
patterns, an extra null is located at 35
0
. This further 
helps in validating the efficiency of the algorithm in 
positioning the nulls in the desired directions as 
Table 1 — Amplitude distribution obtained using SGOA for 
different cases 
Case Current excitation coefficients 
Case-1 0.343,0.723, 0.094, 0.044, 0.41, 0.514 
0.852, 0.812, 0.732, 0.483, 0.271, 0.158 
Case-2 0.751, 0.996, 0.483, 0.551, 0.323, 0.036 
0.933, 0.6, 0.775, 0.484, 0.267, 0.095 
Case-3 0.732, 0.223, 0.748, 0.281, 0.055, 0.413 
0.911, 0.74, 0.723, 0.557, 0.192, 0.288 
KRISHNA & SHEIK: LINEAR ANTENNA ARRAY SYNTHESIS FOR UNCONSTRAINED AND CONSTRAINED NULLS 
 
 
603 
 
 
 
Fig. 1 — Radiation pattern of LAA with 12 elements and null  
at 150 using SGOA 
 
 
 
Fig. 2 — Radiation pattern of LAA with 12 elements and null  
at 150 and 250 using SGOA 
 
 
 
Fig. 3 — Radiation pattern of LAA with 12 elements and null  
at 150, 250 and 350 using SGOA 
 
well as handling multiple nulls. The corresponding 
radiation patterns under constrained and un-constrained 
scenarios are given in Fig. 3 where the arrow marks 
show the position of the desired three nulls.  
The amplitude distribution obtained using the SGOA 
is given in Table 1. 
 
Conclusion 
The technique of generating nulls in the desired 
directions in order to suppress the interference 
signals is well demonstrated under constrained  
and un-constrained conditions for beamforming 
characteristics. The Social Group Optimization 
algorithm expressed its efficiency in effectively 
steering the nulls and modifying the radiation 
pattern according to the requirements. Similarly, 
the algorithm also presetned simplicity in terms of 
computation and complexity. It is clear from the 
results and the convergence plots that the number 
of generations and the corresponding computational 
time is increased with inclusion of the constraint in 
the objective. The technique demonstrated in this 
paper can easily be extended to any multimodal 
problems with several constraints. 
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